We have previously demonstrated that glucose-tolerant American blacks manifest significantly higher insulin concentrations and a lower insulin sensitivity than native African blacks who reside in their respective countries. It is, however, unknown whether the serum glucose, beta-cell function and insulin sensitivity are different in native Africans and African-Americans who reside in the same environments. We have studied 68 healthy American blacks and age-and weight-matched 30 African blacks recently immigrated from Ghana residing in Franklin County, Ohio, USA. Each subject underwent a standard oral glucose tolerance test to determine glucose tolerance status. Insulin sensitivity index (Si) and glucose effectiveness (Sg) were measured by the insulinmodified, frequently-sampled intravenous glucose tolerance test. The body composition variables were measured by the bioelectrical impedance analyser and body fat distribution pattern by the waist-hip ratio. The clinical characteristics were identical in the African-American and the African blacks; the mean fasting serum glucose, insulin and C-peptide levels were not different. Following the oral and intravenous glucose administration, the mean peak and incremental areas of serum glucose, insulin and C-peptide were not different in the two groups. The mean Si (3.1 + 0.7 vs 2.4 + 0.3 x 10 -4. (min/~U -1-1) -1 and Sg (2.5 + 0.3 vs 2.7 + 0.2 x 10 -2. min -a) were not significantly different in the American and African blacks, respectively. In summary, the metabolic parameters measured in the American blacks and recent African immigrants were identical. We speculate that, in contrast to the indigenous Africans who reside in their native countries, migration to the western world results in rapid "adaptation" in glucoregulation, beta-cell function and insulin sensitivity, similar to those of American blacks. [Diabetologia (1995[Diabetologia ( ) 38: 1103[Diabetologia ( -1109 
among the racial and ethnic groups residing in diverse environments could thus be attributed partly to environmental and lifestyle factors. American blacks are known to have at least 12 times greater prevalence of NIDDM (12 % and 1%) when compared to that of native African blacks, respectively [1, [3] [4] [5] [6] [7] . To this end, we and other investigators have demonstrated that glucose and insulin metabolism are different in the American blacks living in Franklin County, Ohio, USA when compared to African blacks living in Nigeria [7] . In addition, Rubenstein et al. [8] and Shires et al. [9] have reported that lean and obese south African blacks have lower stimulated insulin and/or C-peptide when compared to their white counterparts. Similarly, migration of Afro-Caribbeans to either UK [10, 11] or France [12] results in significant alterations in glucose and insulin concentrations. In addition, the American blacks also manifest greater insulin concentrations when compared to whites [13] . Thus, although people of African descent living in the industrialized countries may have an inherent tendency to greater prevalence of NIDDM when compared to whites who reside in the same environment, it is unknown how long after migration it takes for the acquisition of these "metabolic adaptations" to occur. Indeed, in previous metabolic studies in African migrants, only individuals who have resided in the western world for prolonged periods of time were involved [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Most importantly, we are not aware of any metabolic study that has compared the African-Americans or other black populations residing in the western world with recent, native African migrants living in the same environment. This issue is important since such data could provide insights into the metabolic risk factors that are partly responsible for the higher prevalence of diabetes and cardiovascular diseases in the non-African migrants of African descent.
Hyperinsulinaemia and insulin resistance have been associated with a greater prevalence of NIDDM in several ethnic and racial populations [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Indeed, fasting insulin and/or C-peptide levels have been shown to predict future development of NIDDM [20, 25] . Although similar studies have not been reported in African and American blacks, we and others have previously shown that AfricanAmericans have higher insulin levels when compared to whites [10-13, 16-18, 25] and African blacks residing in Nigeria [7] .
Thus, the objectives of the present study were: 1) to characterize serum glucose, insulin and C-peptide responses to stimulation as well as insulin sensitivity index (Si) and glucose effectiveness (Sg) in healthy, glucose-tolerant African blacks of Ghanaian nationality who had recently migrated to live in Franklin County, Ohio, USA and 2) to compare their data with those of African-Americans. We employed the minimal model method previously described by Bergman et al. [26, 27] , since simultaneous assessments of beta-cell function, Si and glucose-dependent glucose disposal (Sg) in the African migrants have not been performed.
Subjects, materials and methods
Populations. The study was conducted in two non-diabetic distinct populations of African ancestry residing in Franklin County, Ohio, USA. The glucose tolerance status was defined by the National Diabetes Data Group Criteria [28] . The African-Americans were defined as black Americans whose two conjugal parents were black Americans of African ancestry and the African blacks of Ghanaian nationality were defined al.: Glucose disposal and beta-cell function in African descendants as African migrants whose two conjugal black parents were from Ghana, wesI Africa. All the African immigrants were born in Ghana and migrated to USA after the age of 18 years. The duration of migration of the African migrants ranged between 1-18 years (mean 6 years). The two populations were matched for age, body weight and waist-hip ratios. Since our previous studies in African-Americans and native Africans found no gender differences in glucose and insulin metabolism [8] , we did not match our groups by sex. However, individuals with renal, kidney, heart and liver disease were excluded. Also, any subject taking medications known to influence glucose and insulin metabolism were excluded. In addition, subjects who participated in endurance exercises or indulged in regular competitive sports were excluded. Informed written consent approved by the institutional review board for human biomedical research at The Ohio State University Hospitals was obtained from each subject after the risks entailed in the study had been thoroughly explained.
Study protocol After a 10-12 h overnight fast, the subjects reported to the Clinical Research Center of The Ohio State University Medical Center. Body weight and height were measured with the subject wearing a very light gown and without shoes. The body mass index (BMI) was calculated as the weight (kg) divided by height (m2). The lean body mass, and body fat composition were measured by the bioelectrical impedance analyser [29] [30] [31] . The body fat distribution was measured as the waist to hip circumference ratios. The waist circumference was measured at the level of the umbilicus (with the subject in supine position) and the hip circumference at the level of the greater trochanter (in the standing position). All the subjects answered a simple questionnaire on physical activity which has been previously adapted for the native Africans [32] . The activity level was described as: a) sedentary (no extra physical activity apart from walking and activity of daily living), b) moderate (tennis, brisk walking, swimming etc. at least three times a week) and c) strenuous (weight lifting, wrestling, racket ball, marathon, jogging etc. at least three times a week). Blood pressure was obtained in the supine position after at least 30 min rest.
Metabolic studies. With the subject in the supine position, two intravenous needles ("heparin lock") were inserted into the forearm veins and kept patent with 0~ % normal saline infusion. One intravenous line was used to draw blood samples and the other to administer the intravenous glucose and exogenous insulin administration.
Oral glucose tolerance test. Each subject was instructed to ingest at least 250 g of glucose in their regular meals for at least 3 days prior to the test. After the overnight fast, the subjects ingested 75 g of oral glucose load (Koladex, Baltimore, Md., USA) over a 2-rain period. Blood samples for serum glucose insulin and C-peptide were obtained at baseline, and t = 0, 30, 60, 90, 120, 150, 180, 210 and 240 min. Glucose tolerance status of the subjects was defined by the National Diabetes Data Group Criteria [28] .
Frequently sampled intravenous glucose tolerance test. The insulin-modified frequently sampled intravenous glucose tolerance test was performed in each subject [26, 27] . Four blood samples were obtained at t = -20,-10, -5, and 0 rain for basal serum glucose, C-peptide and insulin concentrations. The average of the four samples was taken as the basal level. Thereafter, 0.3 g/kg glucose (50 ml of 50 % dextrose H~O) was infused over a 1-min period. At t = 19 rain, intravenous insulin (0.05 U/kg, Humulin, Eli Lilly, Indianapolis, Ind., USA) was infused over 30 s. Analytical methods. Serum glucose concentrations were measured by the glucose oxidase method using glucose autoanalyzer (Beckman Instruments, Fullerton, Calif., USA). The serum insulin and C-peptide levels of each individual were determined by a standard double antibody radioimmunoassay technique in the same assay at The Core Laboratories of the Ohio State University Hospitals. The sensitivity of the insulin assay was 2.5 mUff. The intra-and inter-assay coefficients of variation (CV) were 6 % and 10 %, respectively. The lower limit of the C-peptide assay was 0.12 nmol/1 and the intra-and inter-assay coefficients of variation were 7 % and 13 %, respectively.
Results
As shown in Table 1 , the mean age, body weight, body mass index, percent body fat, lean body mass and the waist-hip ratios were not different in the American and the African blacks. We found no consistent significant effects of gender on any of the metabolic parameters in either group, perhaps due to the small sample size in each of the sex. However, when the data were analysed using stepwise linear regression analyses and two way ANOCOVA, we found no interactions between gender and any of the metabolic parameters. Therefore, all the metabolic data were pooled for further statistical analyses.
Statistical analysis
Results are expressed as mean + SEM unless stated otherwise. BMI was calculated as weight (kg) divided by height (m2). Obesity was taken as BMI greater than 30 kg-m -2 for females and males. The Kg was calculated as the negative slope of the linear regression equation between serum glucose (after natural log transformation) and time from t = 8-19 min. The acute, first (t = 0-5 min) and second (t = 8-19 rain) phases of insulin release were calculated as the area under the curves for glucose, insulin and C-peptide responses above the baseline values using the trapezoidal rule. Insulin sensitivity index (Si) and glucose effectiveness (Sg) were calculated using the minimal model software program (MINIMOD) described by Welch et al. [26, 27] . Because there were disproportionate and unequal representations of females and males in the African-Americans and African immigrants, stepwise linear regression analyses and analysis of covariance (ANOCOVA) were performed to determine the interactions of body weight, gender and age as well as country of origin (independent variables) with the various biochemical parameters including Si, Sg, and insulin (dependent variables). The linear regression and correlation coefficients were calculated by the least square method. Statistical analyses were performed using Student's t-test (unpaired) and analysis of variance (ANOVA), where appropriate, with Bonferroni method for post-hoc testing. Probability (p) values less than 0.05 were considered statistically significant. --~1504 ~I   01~,,,i,,,1+,,i,,,1,,,i,,,1,,,1,,,1 , , i , , , i Fig. i a) . Following the oral glucose load, the mean serum glucose rose to a similar peak at 30 min in the two groups (Fig. la) . Thereafter, the serum glucose profiles were not different. As shown in Figure 1 b, the mean fasting serum insulin level was not different in the American vs African blacks (11.82 + 1.03 vs 11.36 + 2.78 mU/1). Following oral glucose load, the serum insulin responses were not different in the two groups. Similarly, fasting serum C-peptide levels were not statistically different (0.58 + 0.03 vs 0.72 +_ 0.07 nmol/1). The postprandial, stimulated Cpeptide responses were also not different (Fig. lc) . Similarly, the areas under curves for glucose, insulin and C-peptide were not significantly different in the American and African blacks ( Table 2) .
Frequently sampled intravenous glucose tolerance test.
Following the intravenous glucose load, the mean serum glucose responses rose to similar peaks at 2 min in both groups (Fig. 2 a, Table 2 ). The mean peak glucose levels were not different (Fig. 2 a, Table 2 ). The mean serum insulin peak levels and profiles were also not significantly different ( Table 2 ). We found that the acute and second phases of insulin secretion were not different in the African-American and African blacks. The serum C-peptide levels at fasting and following stimulation were not different ( Fig. 2 c, Table 2). The glucose decay constants (Kg) were not different in the two groups. Figure 3 a, the mean Si was not significantly different in the American and African blacks (3.1+0.7 vs 2.4 + 0.3 x 10 -4. rain<). The Sg was also not different in the American and African blacks (2.5 + 0.3 vs 2.7_+ 0.2 x l0 -2. min -1) as a group (Fig.3b) . When the minimod parameters were segregated by gender, the mean Si and Sg were not significantly different in the males and females from each group (Table 1) . However, there was a tendency for both Si and Sg to be higher in African-American males than their African immigrant counterparts. In contrast, both parameters tended to be lower in African-American re- Correlation coefficients. To determine whether the duration of migration had a significant impact on the metabolic parameters, we examined the relationship between the insulin and insulin sensitivity index and years of migration to USA in the African migrants. We found no relationships between these various parameters.
Minimal model parameters. As shown in

Discussion
Historically, the African-Americans originated from the west coast of Africa and therefore inherited unique African genes. Some of these African genes have been implicated in the development of diseases such as diabetes, hypertension and sickle-cell in the African-American population. However, since previous metabolic studies in African Americans were confounded by the genetic admixture and environment factors, the availability of a cohort of recent African immigrants originating from a single country on the west coast of Africa provided a unique opportunity for us to compare the metabolic risk factors for NIDDM in native Africans with those of the healthy, non-diabetic African-American individuals. The mean duration of residency in USA was only 6 years with a range of 1-18 years. To the best of our knowledge, simultaneous assessment of beta-cell function, insulin sensitivity index and glucose effectiveness in the native and migrant Africans have not been previ-1107 ously investigated. Thus, the findings of the present study could carry serious implications for aetiopathogenesis of NIDDM in the recent African migrants. We found in the present study that beta-ceil function and glucose responses to stimulation are not different in the African Americans and native Africans immigrants from Ghana. Thus, it appears that migration of native Africans to the western world results in alterations in glucose and insulin metabolism that are potentially diabetogenic when compared to those in native Africans. In this respect, Cruickshank et al. [10] and Chaturvedi et al. [11] found greater serum insulin levels and prevalent rates of NIDDM in the Afro-Caribbeans living in the UK than their white counterparts. Fontbonne et al. [12] have demonstrated that the Afro-Caribbeans who migrate to France acquire higher insulin concentrations than whites, despite similar serum glucose levels. Our laboratory and those of other investigators have clearly demonstrated that African-Americans are more hyperinsulinaemic and insulin-resistant than whites [13, 14, 18, 19, 33] . In this regard, the remarkably higher prevalence of NIDDM in the African-Americans and Afro-Caribbean immigrants when compared to native Africans has been partly ascribed to greater rate of obesity with its associated insulin resistance in these populations. In contrast, evidence in the literature indicates that indigenous Africans are more insulin-sensitive when compared to other African migrants living in industrialized countries. However, Swai et al. [34] and McLarty et al. [35] have reported that the prevalence and incidence of NIDDM are increasing in the urban areas of Africa where individuals are more sedentary than their counterparts living in the rural areas. This suggests that people of African ancestry are at greater risk for diabetes when exposed to "stressors" of western lifestyle [36] .
We found in the present study that the serum glucose, insulin and C-peptide concentrations to intravenous glucose stimulation were not different in the African-Americans and recent, native African immigrants. Indeed, using the minimal model method, we found that the Si was not different in the African and American blacks in our study. The findings in the present study of the African (Ghanaian) migrants is in contrast with our previous report in Nigerians which demonstrated greater serum insulin concentrations in the African-Americans than native Africans who live in Nigeria, despite the similar glucose concentrations in both groups [7] . It is however possible that when Nigerian immigrants residing in USA are studied, the serum glucose, beta-cell function and insulin sensitivity will be similar to those of the African-Americans.
The present study also demonstrated that the Sg which reflects the ability of glucose to mediate its own disposal as well as suppress basal hepatic glucose output at basal insulin concentrations was not different in the American and African migrants. This issue is important since a lower Sg has been found to be a predictor of future NIDDM in the offspring of two conjugal Caucasian NIDDM parents [22] . Indeed, in established diabetic patients, Sg has been found to be consistently decreased in several studies [26, 27, 37, 38] . Si is a genetically inherited trait and Sg an acquired phenomenon in Caucasians, as suggested by Martin et al. [22, 23] . This remains to be elucidated in future studies in people of African descent. Note that Martin et al. [23] have demonstrated that Si but not Sg has familial clustering. In support of this notion, Nyomba et al. [39] have reported that consumption of a modern diet with a high fat content for 2 weeks resulted in reduced Sg when compared to a traditional diet of the healthy, non-diabetic Pima Indians. However, Lovejoy and DiGirolamo [40] did not find any relation between high-fat diet (by historical recall data) and Sg in lean and obese humans. Regarding African-Americans, we have previously shown that Sg is greater in the black than white Americans without impaired glucose tolerance or NIDDM [14] . A similar observation has been made by J.Lovejoy (personal communication). Although Sg values have not been reported for the native Africans with or without diabetes and who reside in their native countries, the similar Sg values in the native African migrants and the African-Americans could reflect either "assimilation" of the western lifestyle (e. g., diet, physical inactivity, etc.) or unique genetic traits in people of African ancestry. In this regard, we are in the process of performing metabolic studies in the native Africans who reside in their native countries to determine the effects of genetics on Sg as well as the differential role of simultaneous or sequential alterations in Sg, Si and beta-cell function in the pathogenesis of glucose intolerance and NIDDM in indigenous Africans. We should note that, although we believe our data in the Ghanaians could reflect those of other African migrants such as Nigerians, Kenyans, black South Africans etc., caution should be exercised in the extrapolated of the present data to all African migrants since their dietary habits, social adaptation and customs may be different from those of Ghanaians.
A major limitation in our present study is the unequal sex distribution ratios in the African-Americans and the African migrants. However, several previous studies in young adults including those from our laboratory (similar to our present population), have generally failed to demonstrate significant differences in glucose, insulin and Si in males vs females when obesity index and waist-hip ratios are accounted for [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Thus, it is possible that the differences in the sex ratios and the small sample size in each cell accounted for the lack of significant differences in the various metabolic parameters between the two groups of the present study. Indeed, based on the mean Si data, we estimated that a sample size K. Osei et al.: Glucose disposal and beta-cell function in African descendants of 124 (76 African Americans and 48 African immigrants) will be necessary to achieve a statistical significance of 0.05 at a power (1-beta) of 0.80. Nevertheless, using the stepwise linear regression analyses and two way ANOCOVA, we found no consistent or significant interactions between insulin and Si and gender, age, body compositional variables as well as the country of origin in our present study. Secondly, we studied recent African migrants with mean duration of residency in USA of only 6 years in contrast to African-Americans who have resided in the USA over several decades. We had expected significant differences in the metabolic and body compositional variables measured in our study because of the marked differences in the duration of migration and acculturation in the African Americans who have lived in the USA over a long time and the recent African migrants. We were therefore surprised by the similarities in the metabolic profiles and the body compositional variables in the two groups. This suggests that the putative mechanism(s) or factors that mediate the metabolic alterations in Si and insulin concentrations (e, g., weight gain, sedentary lifestyle, increased fat intake etc.) in African descendents presumably can occur as early as the first year of migration and do not appear to worsen with time. These intriguing concepts deserve to be tested in prospective studies of large numbers of recent African migrants within a couple of months after migration to USA.
In summary, we found similar serum glucose concentrations, beta-cell function and glucose disposal parameters in African-Americans and native Africans residing in the same environments. We also speculate that the prevalence or incidence of NIDDM will increase in these native African immigrants, similar to those in the African-Americans and Afro-Caribbeans and other non-African migrants, who have lived in the west for many generations.
